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DESCRIPTION 

An Apparatus for Molding a Mold and a Metal Mold Used Therefor 
Technical Field 

This invention relates to an apparatus for molding a mold by 
pressurizing a foam mixture composed of particles of aggregate, 
water-soluble binders, and water, and injecting it into a cavity of a heated 
metal mold. This invention also relates to a metal mold used in the 
apparatus. 



Background of the Invention 

Recently, a method for molding a mold in which water-soluble 
binders are used as a binder for particles of aggregate and are hardened by 
heating them and evaporating their water is frequently used because of a 
good frangible property of the mold after casting. 

There is an apparatus for molding such a mold, comprising: a 
cylinder extending upward and downward, a plunger disposed in the 
cylinder and sUding upward and downward in the cylinder, and a gate for 
opening and closing the opening disposed at the bottom of the cylinder, 
wherein these elements constitute a means for injecting fluid foundry sand 
into a metal mold. The apparatus can move upward and downward. The 
apparatus is also connected to a mixer to prepare the fluid foundry sand at 
the opening disposed at the center of the cylinder. 

In this conventional apparatus, an additional gate is disposed at the 
center of the cylinder, the positions of the gate disposed at the bottom and 
the center of the cylinder are changed, and the position of the plunger is 
changed to control the quantity of the fluid foundry sand to be injected into 
the metal mold. (See patent document 1.) 

In this conventional apparatus, however, it is difBcult to control the 
quantity of the fluid foundry sand to be injected into the metal mold in order 
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to have it correspond to the cavity of the metal mold. Further, since more 
fluid foundry sand than can be filled within the cavity of the mold should be 
loaded in the cylinder, some of the fluid foundry sand remains in the cylinder 
after it is injected into the cavity of the mold. Since this remainder of the 
fluid foundry sand is left, it is wasted. 

Further, it sometimes occurs that there is not enough, fluid foundry 
sand in the cylinder to fill the cavity of the metal mold. 

Further, since the foam mixture, which is the material for making a 
mold, contains the water-soluble binders as the binder for the particles of 
aggregate and contains a large quantity of water, it takes a long time for the 
foam mixture to be hardened in the metal mold. 

Patent document i: Japanese Patent Laid-open 

Publication No. S55-54241 

Patent document 2: Japanese Patent Laid-open 

Publication No. Hll- 129054 

Disclosures of Invention 

The purpose of this invention is to solve the above problems of the 
conventional apparatus. 

An apparatus for molding a mold by pressurizing a foam mixture 
composed of particles of aggregate, water-soluble binders, and water, and 
injecting it into a cavity of a heated metal mold, the apparatus comprising: 

a hollow rectangular-parallelepiped body having a bottom plate, the 
bottom plate having an injection hole to inject the foam mixture, 

a means for containing the foam mixture having functions as a 
mixing bath to mix particles of aggregate, water-soluble binders, and water, 
and as a pressurized vessel to inject the foam mixture into a metal mold, and 

a means for closing and opening the injection hole. 

The apparatus is also provided with any means or any combination of 
means for measuring temperature, viscosity, and moisture. 

Further, to solve the problems mentioned above, which occur in the 
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process for molding a mold by using the foam mixture made by mixing the 
particles of aggregate, more than one kind of water-soluble binders, and 
water, and a metal mold for molding a mold by being filled with the foam 
mixture, is provided with a means for communicating gases from the cavity 
of the metal mold to the outside of the mold so that the particles of aggregate 
cannot pass through it. 

By using this apparatus for molding a mold, the mold is made based 
on the following steps- 

a closing step to close the injection hole by the means for closing and 
opening the injection hole, 

a mixing step to mix a predetermined quantity of the particles of 
aggregate, the water-soluble binders, and the water contained in the means 
for containing the foam mixture, wherein the predetermined quantity is 
more than the quantity that can be held within the cavity of the metal mold, 

a connecting step to connect the means for containing the foam 
mixture to the heated metal mold after mixing, and 

an injecting step to inject the foam mixture into the cavity of the 
metal mold by pressurizing the mixture. 

Then, the particles of aggregate, the water-soluble binders, and the 
water are poured in the means for containing the foam mixture and are 
mixed for the next process for molding a mold. 

As mentioned above, since the apparatus is at least provided with 
any means or any combination of means for measuring the temperature of 
the particles of aggregate or the foam mixture, or the viscosity of the foam 
mixture, or the moisture of the foam mixtxxre, when the temperature of the 
particles of aggregate or the foam mixture is too high, it is possible to control 
the temperature of a heater. Further, when the viscosity of the foam 
mixture is too low, water can be added to it from a means for providing water, 
and then the foam mixture is further mixed, and when the moisture of the 
foam mixture is too low, water can also be added to the foam mixture from 
the means for providing the water, and the foam mixture is further mixed. 
Thus, the cavity of the metal mold can be filled with a foam mixture having 
proper properties. 
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By using the metal mold mentioned above, the steam generated from 
the foam mixture when the metal mold is heated can be released by passing 
it through the means for communicating gases from the cavity of the metal 
mold to the outside of the mold. 

As explaiaed above, the apparatus according to the present invention 
has the following constitution-' 

an apparatus for molding a mold by pressurizing a foam mixture 
composed of particles of aggregate, water-soluble binders, and water, and 
injecting it into a cavity of a heated metal mold, the apparatus comprising: 

a hoUow rectangular-parallelepiped body having a bottom plate, the 
bottom plate having an injection hole to inject the foam mixture, 

a means for containing the foam mixture having functions as a 
mixing bath to mix particles of aggregate, water-soluble binders, and water, 
and as a pressurized vessel to inject the foam mixture into a metal mold, and 

a means for closing and opening the injecting hole. 

Since the mold may be made by using this apparatus based on the 
following steps: 

an adding step to add the particles of aggregate, the water-soluble 
binders, and the water to the means for containing the foam mixture, after 
filling the cavity of the metal mold with the foam mixture contained ia the 
means for containing the foam mixture, and then 

a mixing step to mix the particles of aggregate, the water-soluble 
binders, and the water to cause them to foam, 

the foam mixture which remains in the means for containing it after 
injecting the mixture into the cavity of the metal mold can be used effectively 
at the next steps for making a mold. 

Thus, while in the conventional apparatus the remaining foam 
mixture in the means for containing the foam mixture is not recovered, the 
apparatus according to this invention has an excellent effect because the 
remainder can be used effectively. 

Further, since the apparatus is provided with any means or any 
combination of means for measuring the temperature of the particles of 
aggregate or the foam mixture, the viscosity of the foam mixture, or the 
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moisture of the foam mixture, when the temperature of the particles of 
aggregate or the foam mixture is too high, it is possible to control the 
temperature of a heater, and when the viscosity of the foam mixture is too 
low, water can be added to the foam mixture from a means for providing 
water, and then the foam mixture is further mixed, and when the moisture of 
the foam mixture is too low, water can also be added to the foam mixture, 
and then the foam mixture is further mixed. Thus, the cavity of the metal 
mold can be filled with a foam mixture having proper properties. 

Further, in the apparatus for molding a mold by using the foam 
mixture made by mixing the particles of aggregate, more than one kind of 
the water-soluble binders, and water, and using the metal mold, since the 
metal mold for molding a mold by filling it with the foam mixture is provided 
with the means for communicating gases firom the cavity of the metal mold to 
the outside of the mold so that the particles of aggregate cannot pass through 
it, the steam generated firom the foam mixture can be released by passing it 
through the means for communicating gases. Thus, the metal mold 
according to this invention has an excellent effect because the period for 
hardening the foam mixture can be significantly reduced. 

Brief Descriptions of the Drawings 

Fig. 1 shows an elevation view and a partial section view of an 
apparatus for molding a mold of a preferred embodiment of the invention. 

Fig. 2 shows a drawing to explain the operations of the apparatus for 
molding a mold, indicating the state wherein the mixture in the means for 
containing the foam mixture is injected into the horizontally separated metal 
mold. 

Fig. 3 shows an elevation view and a partial section view of an 
apparatus for molding a mold of an embodiment of the invention. 

Fig. 4 shows a perspective view of the metal mold of a preferred 
embodiment of the invention. 

Fig. 5 shows a perspective view of the metal mold of an embodiment 
of the invention. 

Fig. 6 shows an enlarged and detailed view of the part "A" of Fig. 5. 
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Preferred Embodiments of the Invention 

Some of the embodiments of this invention for an apparatus for 
molding a mold are now explained in detail based on the figures. 

As shown in Figs. 1 and 2, the apparatus is provided with the base 1 
having two cylinders 2, 2 arranged vertically, and four guide rods 3, 3 
disposed at the four comers of the base 1. A lifting and lowering frame 4 is 
disposed at the top of the piston rods of the two cylinders 2, 2 and is slidably 
connected to the four guide rods 3, 3 so that the lifting and lowering firame 4 
can be lifted and lowered. A lower part 6 of a horizontally separated metal 
mold 5 is disposed on the lifting and lowering £rame 4. An upper part 7 of 
the horizontally separated metal mold 5 is disposed above the lower part 6 by 
being connected to support mechanisms slidably connected to the guide rods 
3. 3. 

An upper fi:ame 9 is disposed on the top of the four guide rods 3, 3 
and extends in the right and left directions. A means 10 for containing the 
foam mixture having functions as a mixing bath and a pressurized vessel is 
disposed at the right side of the lower surface of the upper frame 9 through a 
first carriage 11 so that the means 10 can move right and left. 

The means 10 for containing the foam mixture has a hoUow 
rectangular-parallelepiped body 12 having a bottom plate 14, which closes 
the openings of the bottom of the body 12, having a plurality of injection 
holes 13, 13 to inject the foam mixture. The bottom plate 14 has a water 
cooling structure on its upper surface and has a thermal insulator at its 
lower surface. 

Further, a mixing fan mechanism 15 is disposed at the right side of 
the upper surface of the upper fi:ame 9 to mix the particles of aggregate, the 
water-soluble binders, and the water in the means 10 for containing the foam 
mixture so that the mixture foams. The mixing fan 16 of the mixing fan 
mechanism 15 is connected to a drive shaft of a motor 17 through a power 
transmission 18. The motor 17 is mounted on support members 20, which 
can be lifted and lowered by driving a cylinder 19 arranged vertically and 
disposed on the upper frame 9. A cover 21 is disposed at the support 
members 20 to close an opening of the upper surface of the means 10 for 
containing the foam mixture. The mixing fan 16 and the cover 21 can be 
lifted and lowered by driving the cylinder 19. 
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Further, a means 22 for closing and opening the injecting holes 13, 13 
is disposed under the mixing fan mechanism 15 disposed at the upper frame 
9. A plurality of plugs 23, 23, which can be inserted into the iajection holes 
13, 13, of the means 22 for closing and opening the injecting holes, are 
disposed at an upper part of a piston rod of a cylinder arranged vertically 
through a support plate 24. The plugs 23, 23 can be moved upward and 
downward by driving the cylinder 25. The cylinder 25 is disposed at the 
upper frame 9 through support members 26, 26. The injection holes 13, 13 
can be cleaned by inserting the plurality of the plugs 23, 23 into them. 

A pressurizing mechanism 27 is disposed above the horizontally 
separated metal mold 5 and on the upper &ame 9 to inject the foam mixture 
contained in the means 10 for containing the foam mixture from the injection 
holes 13, 13 of the means 10. The pressurizing mechanism 27 has a piston 
29 having a plurality of exhaust holes 28, 28 communicating from a lower to 
an upper surface of the piston 29. The piston 29 can be moved upward and 
downward by driving a cylinder 30 arranged vertically. 

A mechanism 31 for pushing a mold out is disposed at the left side of 
the under surface of the upper frame 9 through a second carriage 32 to push 
the mold from the upper part 7 so that the mechanism 31 can be moved left 
and right. A plurality of pins 33, 33 for pushing a mold out are disposed at 
the lower part of a piston rod of a cylinder 35 arranged vertically through a 
pushing plate 34. The plurality of pins 33, 33 for pushing a mold out can be 
moved upward and downward by driving the cylinder 35. 

It is also possible to measure the temperature of the particles of 
aggregate or the foam mixture by a contact- or noncontact-type 
thermo-sensor Giot shown) disposed in tJie means 10 for containing the foam 
mixture or outside the means 10. 

It is also possible to place a sensor (not shown) for measuring the 
viscosity of the foam mixture in the means 10 for containing the foam 
mixture or outside the means 10. 

There are several kinds of sensors for measuring the viscosity of the 
foam mixture, such as^ 

(l) A type of a sensor that presses and inserts a probe: a method for 
measuring the relative viscosity of the foam mixture by measuring a load (a 
reaction force) when the top, which has a spherical or a cylindrical 
configuration, of the probe is press fitted into the foam mixture. 
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(2) A type of a sensor that presses, inserts, and rotates a probe: a method 
for measuring the relative viscosity of the foam mixture by measuring a load 
(a torque) when the top, which has a part of a fan or a fan integrated with it, 
of the probe is inserted into the foam mixture and is then rotated. 

(3) A type of a sensor that rotates a probe' a method for measuring the 
relative viscosity of the foam mixture by measuring a load (a reaction force 
and a torque) when the top, which has a spherical or a cylindrical 
configuration, of the probe is rotated in the foam mixture while the probe is 
press fitted into the foam mixture. 

(4) A type of a sensor that measures apparent viscosity- a method for 
measuring the relative viscosity of the foam mixture by measuring the flow 
rate of the foam mixture flowing from an opening of a cylindrical structure, 
which contains the foam mixture and is provided with an opening having a 
predetermined diameter, when the foam mixture is pressurized. 

It is possible to measure the viscosity of the foam mixture 
continuously or by every batch. 

Further, it is possible to place a sensor (not shown) for measuring the 
moisture of the foam mixture in the means 10 for contairdng the foam 
mixture or outside the means 10. There are a few kinds of the sensor for 
measuring moisture, such as a sensor for measuring the electrical resistance 
of the foam mixture, and a sensor for measuring the weight loss of the foam 
mixture when the moisture in the mixture is evaporated by heating the foam 
mixture. 

Next, the process to make a mold by using the apparatus according to 
the invention is now explained. 

As shown in Fig. 1, after the injection holes 13, 13 are closed by the 
plugs 23, 23 of the means 22 for closing and opening the injecting holes, then, 
for example, sUica sand as the particles of aggregate, polyvinyl alcohol as the 
water-soluble binders, and water are loaded in the means 10 for containing 
the foam mixture, and then the opening of the upper surface of the means 10 
is closed by the cover 2 1. 

Then, the silica sand, the polyvinyl alcohol, and the water are mixed 
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by rotating the mixing fan 16 by driving the motor 17 of the mixing fan 
mechanism 15 so that the mixture foams. Next, the mixing fan 16 and the 
cover 2 1 are lifted by driving the cyhnder 19 of the mixing fan mechanism 15, 
and then the injection holes 13, 13 are opened by pulling out the plugs 23, 23 
of the means 22 for closing and opening the injecting holes by driving the 
cylinder 25 of the means 22 for closing and opening the injecting holes. 

Then, the mechanism 31 for pushing a mold out and the means 10 for 
containing the foam mixture are moved to the left side of the upper frame 9 
by means of the second carriage 32 and the first carriage 11 respectively, and 
the means 10 is moved above the horizontally separated metal mold 5 heated 
by the heater. The lower part 6 of the horizontally separated metal mold 5 
is lifted by means of the lifting and lowering firame 4 by driving the cylinders 
2, 2, and the upper part 7 is placed on the lower part 6. The means 10 is 
also placed on the upper part 7, and then the lower surface of the means 10 
contacts the upper surface of the upper part 7. 

Next, as shown in Fig. 2, the piston 29 is lowered by driving the 
cylinder 30 of the pressurizing mechanism 27. After the air between the 
piston 29 and the foam mixture is exhausted through the exhaust holes 28, 
28 while the piston 29 is lowered, the upper opening of the exhaust holes 28, 
28 is closed by a means for closing the exhaust holes (not shown), and then 
the foam mixture in the means 10 for containing the foam mixture is injected 
into the cavity of the horizontally separated metal mold 5 by pressurizing the 
foam mixture. The foam mixture injected into the cavity is hardened 
because the moisture in the mixture is evaporated by heating the mixture 
with die heat in the metal mold 5. 

After injecting the foam mixture into the horizontally separated 
metal mold 5, the piston 29 is lifted by driving the cylinder 30, and the 
mechanism 31 for pushing a mold out and the means 10 for containing the 
foam mixture are moved to the right side of the upper frame 9 by means of 
the second carriage 32 and the first carriage 11 respectively. The 
mechanism 31 is placed above the horizontally separated metal mold 5, and 
then the means 10 for containing the foam mixture is placed below the 
mixing fan mechanism 15. 

Then, the pins 33, 33 for pushing a mold out are inserted into the 
upper part 7 of the horizontally separated metal mold 5 by driving the 
cylinder 35 of the mechanism 31 for pushing a mold out, and the lower part 6 
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is lowered by driving the cylinders 2, 2. The mold is separated from the 
upper part 7, and then the mold is pushed out from the lower part 6 by the 
mechanism for pushing the mold out (not shown). 

The means 10 for containing the foam mixture that was moved to 
below the mixing fan mechanism 15 is filled with the additional sihca sand, 
pols^vinyl alcohol, and water for the next step for making the mold. 

In these preferred embodiments, the foam mixture is injected in the 
horizontally separated metal mold 5 by pressurizing the mixture by the 
piston 29 of the pressurizing mechanism 27. However, the method for 
filling the metal mold 5 with the foam mixture is not restricted to the system 
mentioned above. As shown in Fig. 3, it is also possible to fill the metal 
mold 5 with the foam mixture by using compressed air. Namely, a cover 42, 
which closes the opening of the upper surface of the means 10 for containing 
the foam mixture, makes it airtight, and is connected to a source of 
compressed air, is disposed at the lower part of the piston rod of the cylinder 
43 of the pressurizing mechanism 27 instead of the piston 29 of the preferred 
embodiments mentioned above, and then the foam mixture in the means 10 
for containing the foam mixture can be pressurized by providing the 
compressed air to fill the horizontally separated metal mold 5 with the foam 
mixture. 

The quality control of the foam mixture is very important to produce 
a mold having excellent qualities by using the apparatus for molding a mold 
according to the invention. A method for controlling the quahty of the mold 
is now explained in detail. 

When the mold is produced by injecting the foam mixture, which is 
made by mixing the particles of aggregate, water-soluble binders, and water 
so that the mixture foams, into the cavity of the metal mold heated by the 
heater by means of the pressurizing method, the following method for 
controlling the quality of the foam mixture can be used to produce a mold 
having excellent properties: 

a first process for determining the basic values of the viscosity and 
the moisture of the foam mixture based on measurements of the temperature 
of the foam mixture, 

a second process for comparing the basic values of the viscosity and 
moisture of the foam mixture with the measured viscosity of the foam 
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mixture, 

a third process for comparing the basic values of the viscosity and 
moisture of the foam mixture with the measured moisture of the foam 
mixture, if there is no problem in the result of the second process, and 

a fourth process for determining that the foam mixture has proper 
properties, if there is no problem in the result of the third process. 

In this quality control of the foam mixture, if the viscosity of the foam 
mixture differs from the basic value of the viscosity in the second process, the 
viscosity of the foam mixture may be controlled by mixing the mixture again. 

In this quality control, further, if the moisture of the foam mixture 
differs from the basic value of the moisture in the third process, the moisture 
of the foam mixture may be controlled by adding water and mixing the 
mixture again. 

In this quality control, it is possible to measure the temperature of 
the foam mixture by using a noncontact-ts^pe thermo-sensor. 

Further, in this quality control, it is possible to measure the viscosity 
of the foam mixture by using the type of a sensor that presses and inserts a 
probe, or the type of a sensor that presses, inserts, and rotates a probe, or the 
tj^e of a sensor that rotates a probe. 

In this quality control, it is possible to measure the moisture of the 
foam mixture by measuring its electrical resistance. 

Further, in this quahty control, it is possible to measure the 
temperature, the viscosity, and moisture by sampling every batch of the foam 
mixture. 

Further, in this quality control, it is possible to continuously measure 
the temperature, the viscosity, and moisture by installing the sensors in the 
mixer. 

Some of the embodiments of this invention for a metal mold are now 
explained in detail based on Fig. 4. 

A lower part 111 of a horizontally separated metal mold is provided 
with a means 103 for communicating with the outside of the metal mold from 
the cavity 102 of the metal mold at the upper surface of the inner part in the 
cavity of the lower part 111. The means 103 for communicating with the 
outside is comprised of a plurality of radial grooves 104, 104 disposed at the 
upper surface of the inner part in the cavity 102, a first communicating hole 
105 penetrating the lower part 111 from the upper surface to the lower 
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surface of the lower part 111 and communicating with the plurality of the 
grooves 104, 104 at the upper surface of the lower part 111, and a second 
communicating hole 106 communicating with the first communicating hole 
105 at the left end and extending to the right outer side of the lower part 111. 

Since the metal mold has the constitution mentioned above, when the 
foam mixture in the cavity 102 is heated, the steam generated from the foam 
mixture is released through the means 103 for communicating with the 
outside of the metal mold. 

In the preferred embodiment mentioned above, although the means 
103 for communicating with the outside of the metal mold is comprised of the 
plurality of the radial grooves 104, 104 disposed at the upper surface of the 
inner part in the cavity 102, the first communicating hole 105 penetrating 
the lower part 111 fi-om the upper surface to the lower surface of the lower 
part 111 and communicating with the plurality of the grooves 104, 104 at the 
upper surface of the lower part 111, and the second communicating hole 106 
communicating with the first communicating hole 105 at the left end and 
extending to the right outer side of the lower part 111, the constitution of the 
means 103 is not limited to this constitution. 

For example, as shown in Fig. 5, it is possible to use the gap between 
the upper part 121 of the horizontally separated metal mold and the part 107, 
which is inserted in the upper part 121, for injecting the foam mixture into 
the cavity 102, as a means for communicating with the outside of the metal 
mold. Further, it is possible to use the gap between the holes (not shown), 
in which the pins are inserted, and to penetrate the upper part 121 of the 
horizontally separated metal mold and the pins (not shown) of the 
mechanism 31 for pushing a mold out, as means for communicating with the 
outside of the metal mold. 

As shown in Fig. ^, the part 107 for injecting the foam mixture into 
the cavity 102 may be provided with the flanges 109, 109 protruding firom 
the cylindrical body 108 at the top and the center of the body 108 to form a 
relatively wide space between the cylindrical body 108 of the part 107 and 
• the upper part 121 when the part 107 is inserted in the upper part 121. 

Since this constitution of the part 107 can reduce the thermal 
conduction from the upper part 121 heated by a heater to the cylindrical 
body 108 of the part 107 for injecting the foam mixture into the cavity 102, it 
is possible to keep the temperature of the cylindrical body 108 of the part 107 
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lower than that of the upper part 12 1. 

On the other hand, the amount of the foam mixture in the cyUndrical 
body 108 of the part 107 is less than that in the upper part 121. Thus, it is 
possible to harden the foam mixture in the cylindrical body 108 and in the 
upper part 121 at the same rate by controlling the temperature of the 
cylindrical body 108 to be lower than that of the upper part 121. 

Therefore, the problem of the foam mixture in the cylindrical body 
108 being overheated can be solved. 
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